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Rickettsiae are obligate intracellular bacteria asso-
ciated with arthropods, often pathogenic for
humans. The Rickettsia genus belongs to the
Alphaproteobacteria; it was divided into three
major subgroups, mainly on the basis of pheno-
typic and serological features: the typhus group
(TG), made of Rickettsia prowazekii and R. typhi,
the spotted fever group (SFG) including R. conorii,
R. africae, R. massiliae, R. akari, R. felis and several
other validated species, and a group of marginal
and divergent species including R. bellii and
R. canadensis. Rickettsia spp. express few remark-
able phenotypic characteristics. Therefore, their
precise identiﬁcation and phylogenetic classiﬁca-
tion have mainly relied on the analysis of mole-
cular sequences. Phylogenetic analysis based on
16S rDNA gene sequences has frequently been
used but because the sequences are highly con-
served, signiﬁcant inferences about intragenus
phylogeny are not possible [1]. A multigenic
approach, combining several genes, including
those encoding for the citrate synthase (gltA)
and the sca (surface cell antigen) family members
(ompA and ompB), allowed the establishment of a
polyphasic taxonomy of Rickettsia spp. that is
compatible with other characteristics such as
DNA-DNA homology and G + C% content [2].
It enabled the division of the genus into six
groups: (1) R. rickettsii, R. conorii, R. africae and R.
slovaca, (2) R. massiliae, (3) R. helvetica, (4) R. akari,
R. australis and R. felis, (5) R. prowazekii and
R. typhi, and (6) R. canadensis and R. bellii.
Although these genes are more variable than the
16S rDNA, the gltA gene has only a limited
interstrain variability [1]; similarly, ompA cannot
be used for the TG because it is present as a
remnant gene in this group. A robust and accurate
phylogeny was given by the concatenation of 704
genes for seven Rickettsia spp. [3]. Nevertheless,
four Rickettsia spp. have been sequenced recently.
Here we present a whole genome-based phylo-
genetic analysis of all available Rickettsia spp.
The study included 11 completely sequenced
Rickettsia genomes (R. conorii Malish 7, R. africae
ESF-5, R. rickettsii Sheila Smith, R. slovaca 13-B,
R. massiliae MTU5, R. akari Hartford, R. felis
URRWXCal2, R. prowazekii Madrid E, R. typhi
Wilmington, R. canadensis McKiel and R. bellii
RML369-C). Orthologous relationships between
Rickettsia spp. were determined using the NCBI
COGing strategy based on all-against-all best
reciprocal BLAST matches. A core of 635 COGs
shared by all of the 11 rickettsial species was
identiﬁed. Protein sequences were aligned with
the MUSCLE program. We reconstructed the
Rickettsia phylogeny using the concatenated pro-
tein alignment and three methods of phylogenetic
analyses. The neighbour joining and maximum
parsimony trees were reconstructed using the
PHYLIP software package and the maximum
likelihood tree was searched using the PHYML
program.
The comparison of the 635 concatenated core
gene sequences (224106 aa) showed a minimum
of protein sequence similarity of 77.9% between
R. typhi and R. bellii and a maximum of 98.9%
between R. conorii and R. africae. The three
methods recovered the same tree topology
(Fig. 1). R. bellii and R. canadensis form two
distinct sub-lines within the genus Rickettsia. The
TG contains R. typhi and R. prowazekii. The SFG
contains R. massiliae, R. conorii, R. africae, R. slovaca,
R. rickettsii, R. felis and R. akari.
The multiprotein trees presented here received
perfect bootstrap NJ, MP and ML support and
they can be considered the species tree of the
Rickettsiae. The addition of four species (R. canad-
ensis, R. slovaca, R. rickettsii and R. akari) did not
affect the phylogenetic structure inferred from the
comparison of 704 concatenated core genes for
seven Rickettsia spp. [3]. Our results were in
agreement with a previous study [2]; they conﬁrm
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that R. felis is clearly related to R. akari. Thus,
R. felis was mistakenly described as related to TG
and not to SFG [4]. Based on our analysis, SFG
comprises three subgroups corresponding to the
R. massiliae, R. rickettsii and R. akari groups in the
Roux and Raoult study [2]. The R. rickettsii group
exhibits two different topologies: R. slovaca forms
a cluster with R. rickettsii using the parsimony
method whereas the NJ and ML methods give
two distinct sub-lines for these species (Fig. 1).
We predict that the unsequenced genome
R. australis will be in the R. akari group whereas
R. helvetica will be in a distinct clade, within the
SFG. Finally, our analysis clearly shows that
R. bellii and R. canadensis, initially classiﬁed within
a group named ‘ancestral group’ [5], lie outside of
the SFG and TG and they may not belong to a
single group. Accordingly, the expression ‘ances-
tral group’ is confusing, as these species are not
more ‘ancestral’ than the others.
In conclusion, our whole genome-based phylo-
genetic analysis helps in clarifying the phylogeny
of the genus Rickettsia. With the ongoing genome
sequencing, additional phylogenomic approaches
will allow us to gain more knowledge about the
evolution of Rickettsia spp.
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Fig. 1. Phylogenetic trees inferred from the concatenation of 635 core protein sequences using neighbor joining (NJ),
maximum parsimony (MP), and maximum likelihood (ML) methods. Branch support is from 100 bootstrap replicates. SFG,
spotted fever group; TG, typhus group.
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